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(54) Title: HOT BOTTLE INSPECTION APPARATUS AND METHOD 
(57) Abstract 

A bottle inspection method is provided which is capable of 
compensating for random variations in the orientation and position of 
objects (50, 52, 54, and/or 56) being inspected, such as glass bottles on a 
conveyor ( 1 2). The inspection device (64) creates an image of the object 
(50, 52, 54, and/or 56) using camera (102 and 104) and then analyzes the 
image to determine the amount of variation in orientation and position. 
The desired measurements are made from the image and then adjusted 
relative to the variation previously determined. Also provided is an 
improved housing (100) for the imaging devices (102 and 104) which 
eliminates the need for clear panels which are prone to dirtying. 
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POT BOTOE INSPECTION APPARATUS Awn 

The present invention relates generally to 
glass bottle production and, more particularly, to a 
glass bottle inspection apparatus adapted for use at 
5 the hot end of a glass bottle production line. 

The manufacture of glass bottles begins with 
the preparation of raw materials. Sand and soda ash 
are measured in precise quantities, mixed together and 
conveyed to storage silos located over large melting 
10 furnaces. The mixed materials are continuously metered 
into the furnaces to replace molten glass which is 
dispensed from the furnaces after melting. 

The furnaces are heated by a combination of 
natural gas and electricity and are operated at a 
temperature of over 2500 degrees Fahrenheit. The 
melted mixture of raw materials forms molten glass 
which flows from the furnaces through refractory 
channels, also known as forehearths, to a position over 
bottle forming machines. 

A bottle forming machine known in the 
industry as an "i.s. machine" draws the glass into 
individual gobs and drops each gob into a blank mold. 
The blank mold forms a bottle preform, also referred to 
as a parison. The preform is transferred to a blow 
mold where it is blown by compressed air into a bottle. 
Bach blow mold cavity typically contains indicia 
provided on a bottom wall thereof which embosses each 
bottle with code characters indicating the mold cavity 
in which it was formed. 
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The molds are lubricated by oil-borne carbon. 
The hot mold vaporises the oil and some of the carbon 
immediately upon . contact, leaving most of the carbon 
deposited upon the mold. Thus, the area around the 
5 mold is an extremely dirty environment filled with oil 
and carbon vapors and condensate. 

An i.e. machine typically has between six and 
sixteen individual sections, with each section having 
from one to four blow mold cavities. Bach section may 
10 be capable of manufacturing one to four bottles at a 
time. A typical eight section, triple gob, I.s. 
machine used in the production of beer bottles may 
produce 270 beer bottles per minute. 

After the bottles have been blown, they are 
transferred from the respective blow mold cavities onto 
a moving conveyor belt. The bottles are positioned on 
the moving conveyor belt in a single line in a sequence 
corresponding to the sequence of the blow mold cavities 
in which the bottles were formed. The finished bottles 
transferred onto the conveyor from the blow mold are 
still red hot (approximately 1,000 degrees Fahrenheit). 
These hot bottles are conveyed by the conveyor belt 
through a hot end coating hood where they are 
chemically treated with a stannous chloride compound 
25 for strengthening. Vapors from the hot end coating 
hood also contribute significantly to the harsh 
environment found at the -hot end- of the bottle 
production line. 

After passing through the hot end coating 
hood, the hot bottles are conveyed through an annealing 
oven or lehr where they are reheated and then cooled in 
a controlled manner to eliminate stresses in the glass. 
This annealing process typically takes from 20 to 30 
minutes. The annealing process is the last process 
which takes place at the hot end of the production 
line. The portion of the production line downstream 
from the annealing oven is referred to as the -cold 
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end- of the production line. In contrast to the hot 
end, the cold end is neither hot nor dirty. At the 
cold end of the production line, bottles are conveyed 
through a series of inspection devices. Typical prior 
5 art inspection devices include a squeezer which 

physically squeezes each bottle to check its sidewall 
strength. Another prior art cold end inspection device 
is referred to in the industry as a total inspection 
machine or T.l.M. which is sold by Emhart Glass having 
a business address of 123 Day Hill Road, Windsor, 
Connecticut 06095. The total inspection machine 
physically engages each bottle and checks the size of 
the bottle neck opening and the thickness of the bottle 
sidewall and reads the code on the bottle bottom wall 
to determine the mold of origin. On a statistical 
sampling basis, the T.l.M. also sends bottles off line 
to be tested for burst strength, weighing, and 
measuring. Reports generated from the T.l.M. correlate 
bottle defects with the mold of origin. Another 
typical prior art inspection device is known as a 
"super scanner" sold by Inex, 13327 U.S. 19 Horth, 
Clearwater, Florida 34624. The super scanner operates 
on each bottle on line, it initially scans a bottle, 
then engages and rotates the bottle approximately 90 
25 degrees and scans it again. The super scanner uses 

image analysis to perform certain dimensional parameter 
checks of the bottle. 

At both the T.l.M. and the super scanner 
inspection stations, defective bottles may be rejected 
by a cold end rejection device. After passing through 
the cold end inspection stations, bottles are 
transferred to a case packer machine, placed into a 
cardboard carton and conveyed to a palletizer machine 
for being placed in pallets. Loaded pallets are then 
35 shipped to a filling facility, such as a brewery. 

A problem experienced with traditional glass 
bottle manufacturing operations as described above 
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results from the fact that the bottle inspection 
stations are located at the cold end of the bottle 
production line. If a particular blow mold cavity 
begins producing defective bottles, e.g. as a result of 
5 a foreign object in the mold, the first defective 
bottle produced will not be detected until 30 to 40 
minutes after its formation in the blow mold. As a 
result of this detection delay, the defective mold 
cavity will have continued to produce hundreds of 
10 defective bottles during the period between the first 
defective production and discovery of the first 
defective bottle. Furthermore, unless the defect is a 
defect of the type discovered by the T.I.M. machine 
which also identifies each bottle with a blow mold, the 
15 mold causing the problem will not be immediately 

apparent to the operator. As a result, the production 
operation must be shut down and each of the mold 
cavities of the 1.8. machine must be inspected to 
detect the origin of the problem. Such shut down and 
inspection may be very time consuming and results in 
significant production loss in addition to the scrap 
produced by the defective mold cavity. 

Locating an inspection machine at the hot end 
of the bottle production line is difficult for a number 
25 of reasons: (1) as a result of the elevated 

temperature of the bottles at the hot end of the line, 
any engagement of the bottles by an inspection machine 
as is conventional with cold end inspectors would 
result in deformation of the bottle surface producing 
an ascetically unacceptable bottle; (2) the heat of the 
bottles at the hot end causes the bottles to glow and 
would thus make reading of mold origin indicating 
characters on the base of the bottle extremely 
difficult or impossible; (3) the contaminants in the 
atmosphere at the hot end of the line tend to coat the 
surface of any optical device used to image the bottles 
rendering imaging difficult or impossible; (4) the 
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extreme heat and contamination at the hot end of the 
line ie damaging to any electronics used on inspection 
devices positioned at the hot end. 

A solution to these problems is addressed in 
5 United States Patent Application Ser. No. 111,115 filed 
August 24, 1993 of Burns et al. which is hereby 
specifically incorporated by reference for all that is 
disclosed therein. This application discloses a non- 
contacting optical imaging inspection system that is 
located at the hot end of a bottle line. The optics 
and electronics employed are shielded from the harBh 
environment at the hot end of the production line by a 
fluid cooled housing. Clear panels in one of the 
housing walls enable the imaging devices within the 
housing to image passing bottles without exposing the 
optics thereof to the harsh environment of the hot end. 
Fluid jets are provided adjacent to these clear panels 
in order to prevent contaminants from building up on 
the outer surface of the panels. Monitoring signals 
from the I.S. machine and the bottle conveyor are 
processed by data processing apparatus to determine the 
mold of origin of each bottle which is being imaged, 
thus obviating the need to read indicia on the surface 
of a glowing bottle. The image data from each bottle 
is analyzed to determine whether or not the bottle is 
defective . 

Although this m a ch i n e generally works well, 
difficulties have been experienced in determining the 
orientation of a bottle that is being inspected. 
Because the bottles cannot be physically contacted, 
their position relative to the inspection apparatus 
cannot be precisely set. Variations in the distance 
between a bottle being imaged and the inspection 
apparatus result in errors in bottle parameter 
measurements being taken by the inspection device. 
Also, because of the relative high speed of the bottle 
conveyor, the bottles are often bouncing when the 
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inspection process is being carried out. Due to this 
bouncing, the exact orientation of a bottle when it is 
being inspected cannot be accurately determined. This 
variation in orientation also results in errors when 
5 measuring bottle parameters. 

It is also been found that, despite the use 
of the fluid jets described above, the clear panels of 
the housing still occasionally become dirtied, 
requiring maintenance and/or resulting in degradation 
10 of performance. 

The present invention is directed to an 
inspection device and method which is capable of 
compensating for random variations in the orientation 
of objects being inspected. The inspection device 
acquires an image of the object and then searches the 
image for a predetermined known characteristic of the 
object. The orientation of the image of the 
characteristic is then measured and compared to the 
actual known orientation of the characteristic to 
determine the deviation therebetween. The desired 
measurements are then made from the image of the 
object. These measurements are then adjusted relative 
to the deviation previously determined to arrive at the 
actual measurements of the object being inspected. 
25 ^ present invention is also directed to an 

inspection device and apparatus which is capable of 
compensating for random variations in the position of 
objects being inspected. The inspection device adjusts 
the image of the object according to its location 
30 within the field of view of the imaging device to 
compensate for longitudinal variations in position. 
The inspection device compares image positioning from 
two imaging devices to compensate for transverse 
variations in position. 

35 inspection device also includes an 

improved housing for the imaging devices and associated 
electronics. This housing eliminates the clear panels 
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described previously which are subject to dirtying. 
Openings are provided in place of these panels. The 
housing is maintained at a positive pressure in order 
to insure that no outside dirt or other contaminates 
5 infiltrate the housing through the openings. The 
housing may also be designed so as to minimize the 
required size of this opening or openings, so as to 
minimize the amount of pressurized fluid required to 
maintain the housing at a positive pressure. 

An illustrative and presently preferred 
embodiment of the invention is shown in the 
accompanying drawing in which: 

*iST* 1 is a schematic diagram of a glass 
bottle production line; 

Pig. 2 is a schematic top plan view of a hot 
bottle inspection apparatus with its top member removed 
for clarity and a portion of an associated conveyor 
belt; 

Fig. 3 is a schematic top plan view of 
another embodiment of the hot bottle inspection 
apparatus shown in Fig. 2; 

Fig. 4 is a schematic front elevation view of 
a defective bottle; 

Fig. 5 is a schematic ffont elevation view of 
25 a non-defective bottle; 

Fig. 6 is a schematic front elevation view 
illustrating the process used to analyze a bottle that 
is random l y oriented; 

Fig. 7 is a flow chart, illustrating the 
30 steps taken to compensate for randomly oriented 
bottles; 

Fig. 8 is a plan view of the imaging device 
of Fig. 2 schematically illustrating a bottle that is 
transversely misaligned; 
35 Figs. 9A - .9C schematically illustrate a 

bottle image from a first imaging device, a bottle 
image from a second imaging device and a combined 
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bottle image, respectively, when the bottle being 
imaged is transversely misaligned closer to the imaging 
devices ; 

Pigs. 10A - 10C schematically illustrate a 
5 bottle image from a first imaging device, a bottle 
image from a second imaging device and a combined 
bottle image, respectively, when the bottle being 
imaged is transversely aligned. 

Pigs. 11A - lie schematically illustrate a 
10 bottle image from a first imaging device, a bottle 

image from a second device and a combined bottle image, 
respectively, when the bottle being imaged is 
transversely misaligned further from the ima ging 
devices . 

15 In general, the invention may pertain to a 

method for determining at least one unknown 
characteristic of an object 52. The method may include 
the steps of acquiring a first image of a first feature 
140 of the object, acquiring a second image of a second 

20 feature 142, 144 of the object, analyzing the first 

image to determine the orientation of the first feature 
140, analyzing the second image to determine a second 
image measurement and adjusting the second image 
measurement relative to the orientation to determine 

25 the unknown characteristic. 

The invention may also include a method of 
determining the orientation of an object 52 which 
includes the steps of creating a first image of the 
object 52 with a first imaging device 102, analyzing 

30 the first image to determine a first orientation of the 
object 52 in a first plane, creating a second image of 
the object 52 with a second imaging device 104, 
analyzing the second image to determine a second 
orientation of the object 52 in a second plane and 

35 calculating the true orientation of the object 52 based 
upon the first orientation, the second orientation, and 
the angle between the first and second planes. 
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The invention may also include a method of 
determining at least one unknown characteristic of an 
object 52 which may be randomly positioned. The method 
may include the steps of acquiring a first image of the 
5 object 52 with a first imaging device 102 acquiring a 
second image of the object 52 with a second imaging 
device 104, comparing the first image with the second 
image to determine differences therebetween caused by 
the position of the object 52 relative to the imaging 
devices 102, 104, adjusting the images relative to the 
differences to provide at least one corrected image of 
the object 52 and measuring the corrected ima ge to 
determine the unknown characteristic. 

The invention may also pertain to an 
15 apparatus 64 for measuring at least one unknown 

characteristic of objects 52 being conveyed along an 
object pathway on a conveyor 12. The apparatus may 
include an enclosure 100 located adjacent the conveyor 
12. The enclosure 100 is pressurized to a pressure 
20 higher than that of the surrounding atmosphere. At 

least one window 110 is provided in the enclosure 100. 
At least one image generating device 102 is located in 
the enclosure 100 and aimed through the window 110 at a 
point 50 within the object pathway. The window 110 
25 comprises an unobstructed opening. 

The invention may also pertain to an 
apparatus 64 for measuring at least one unknown 
characteristic of an object 52 being conveyed along an 
object pathway on a conveyor 12. The apparatus may 
30 include a first target area 134 located along the 

object pathway and a second target area 132 located 
along the object pathway. A first imaging device 102 
and a second imaging device 104 are provided. A first 
line of sight 103 exists between the first imaging 
35 device 102 and the first target area 134. A second 
line of sight 105 exists between the second imaging 
device 104 and the second target area 132. 
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Having thus described the method azxd 
apparatus for measuring unknown characteristics of an 
object in general, further features thereof will now be 
specifically described. 
5 Pig. 1 is a schematic illustration of a glass 

bottle production line 10. The production line 
comprises a conveyor 12 which defines a bottle 
conveyance path. The conveyor moves bottles downstream 
in direction 14. A conveyor monitor assembly 16 which 
10 may be, for example, a conventional electronic encoder 
mounted on a conveyor motor shaft, monitors the 
conveying movement of conveyor 12 and produces a 
conveyor displacement signal 18 representative thereof. 
In most bottle production lines the conveyor 12 is 
mechanically linked to the drive mechanism of the blow 
mold such that conveyor speed is always directly 
proportional to the speed of operation of the blow 
mold, in such a case any device which monitors mold 
displacement, for example, an incremental encoder 
mounted on the shaft of the mold drive unit, would also 
indicate conveyor displacement and is to be considered 
a conveyor monitor. 

A blow mold assembly 30 comprises a plurality 
of mold cavity portions 32. 34, 36, etc. The blow mold 
assembly 30 may comprise a portion of a conventional 
X.S. machine. The blow mold assembly 30 is positioned 
at an upstream end 38 of conveyor 12. A mold monitor 
assembly 42 generates a mold transfer signal 44 each 
time the blow mold 30 transfers bottles onto conveyor 
30 12. Bottles 52, 54, 56, etc. are produced by mold 

cavity portions 32, 34, 36, etc. and are transferred to 
conveyor 12 in single file in a sequence corresponding 
to the sequence of their respective blow mold cavities 
of origin. The bottles 52, 54, 56 may be formed with 
35 indicia thereon indicative of the blow mold cavity of 
origin. The bottles 52, 54, 56, etc. are transferred 
onto the conveyor 12 at an elevated temperature which 
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may be approximately 1000 degrees Fahrenheit such that 
the bottles are glowing. 

A hot coating hood 62 is positioned at a 
station along the conveyor 12 a short distance 
5 downstream, e.g. 10 feet, from the blow mold 30. 

A hot bottle inspection apparatus, also 
referred to herein as a hot bottle inspector 64, is 
positioned at a fixed station along the conveyor which 
may be a short distance, e.g. two feet, downstream from 
the hot coating hood 62. The hot bottle inspector 64 
may thus be located in an extremely hot and dirty 
environment at the hot end 80 of the production line. 
A remote computer 66 removed from the harsh environment 
at the hot end of the production line is operably 
connected to the hot bottle inspector 64 and is 
accessible to a production line operator. A rejection 
device 68 may be positioned immediately downstream from 
the hot bottle inspector 64 and is operable to remove 
bottles from the conveyor in response to commands from 
20 the hot bottle inspector 64. 

An annealing oven 70 of a conventional type 
may be positioned downstream of the rejection device 68 
and defines, at its downstream end portion 72, the 
terminal end portion of the "hot end" 80 of the bottle 
25 production line 10. In a typical production line used 
for producing glass beer bottles, the period of time 
elapsing from the transfer of a bottle onto the 
conveyor 12 by the blow mold 30 to the exit of that 
bottle from the downstream end 72 of annealing oven 70 
30 may be thirty minutes. 

The portion of the production line 10 located 
downstream of the annealing oven exit 72 constitutes 
the "cold end" 82 of the production line. The cold end 
of the production line may comprise conventional cold 
35 end inspection devices 84, 86, 88 such as a squeezer, a 
T.I.M. machine, and a super inspector machine such ae 
previously described in the "Background of the 
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Invention" section of this application. The first of 
these cold end inspectors 84 may be positioned, e.g. 
100 feet, downstream from the exit 72 of annealing oven 
70. A conventional packing assembly 92, such as 
5 described above, may be provided downstream from the 
cold end inspection devices 84, 86, 88. 

As best illustrated by Fig. 2, th6 hot bottle 
inspection apparatus 64 comprises a parallelepiped- 
shaped housing 100. This housing contains a first 

10 imaging device 102 and a second imaging device 104. 

Housing 100 may comprise front wall 109, 
first side wall 111, second side wall 113 and rear wall 
115. The housing 100 may also include a top wall 
member, not shown. Housing 100 may have a length "a" 

15 of about 4', a width «b» of about 2' and a height of 
about 4' . 

A data connection 106 is provided for 
transmitting the images acquired by first imaging 
device 102 and second imaging device 104 to remote 
20 computer 66. Housing 100 may be insulated in order to 
withstand the intense heat of the hot end area 80. 
Pressurized cooling fluid ±b supplied to the housing 
100 via fluid line 108. Pluid line 108 may supply a 
flow of pressurized filtered air to the housing for 
cooling purposes in a manner as described in the 
previously referenced United States Patent Application 
Ser. No. 111,115. 

Opening 110 is provided in the front wall 109 
of housing 100 to allow a line of sight 103 between the 
bottle 52 and first imaging device 102. Opening 112 is 
provided in the front wall 109 of housing 120 to allow 
a line of sight 105 between bottle 52 and second 
imaging device 104. Leaving these areas open, rather 
than covering them with clear panels, obviates the 
35 problem previously described regarding the panels 

becoming dirty. Openings 110 and 112 may each measure 
about 1 inch by 1 inch. 
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Fig. 2 shows a series of bottles such as 
bottles 52, 54 and 56 moving along conveyor 12 past 
housing 100 in the direction indicated by the arrow 14. 
As a bottle, such as bottle 52 in Pig. 2, moves into 
5 the target site 50, strobe light 94 is energized thus 
causing the imaging devices 102 and 104 to produce 
images of the bottle 52. The computer 66 then combines 
the images to arrive at a composite image as is well- 
known • 

10 ** previously described, the bottle for ming 

■I.S. machine" generates signals in a well-known 
manner. Since the number of bottle molds within the 
I.S. machine is known, computer 66 can use these pulses 
to determine when each bottle is formed and thus when 

15 to energize the strobe light 94. Since the order of 
bottles on the conveyor 12 corresponds to the mold 
order in the I.S. machine, the computer 66 is also able 
to correlate acquired image data to the I.S. machine 
mold which formed the bottle being imaged. In this 

20 manner, bottle conditions detected by the hot bottle 
inspection apparatus can be correlated to a specific 
mold. 

In one example, the I.S. machine may generate 
one pulse per revolution and may produce 10 bottles per 

25 revolution. In this case, computer 66 would know that 
10 bottles are produced per I.S. machine pulse. The 
use of this type of bottle tracking system obviates the 
need for photosensors or other physical detectors which 
would be adversely affected by exposure to the harsh 

30 environment of the hot end. 

In operation, cooling fluid is introduced 
through fluid line 108 at a rate great enough to 
prevent dirt and outside air from the bottle hot end 80 
from entering the housing 64. The fluid entering the 

35 housing 100 maintains the interior of the housing at a 
pressure higher than that of the outBide atmosphere. 
Although fluid will escape through the openings 110 and 
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112, now cooling fluid is introduced through fluid line 
108 at a rate great enough to compensate for this 
escaping fluid. This arrangement eliminates the need 
for a discharge orifice in the housing as disclosed in 
5 the previously referenced United States Patent 

Application Ser. No. 111,115. This arrangement also 
eliminates the need for the maintenance previously 
required for cleaning the clear panels. The cooling 
fluid may be in the form of compressed air. 

10 Fig. 3 illustrates an alternative embodiment 

of the invention in which a single opening 122 is 
provided in a housing 120 to accommodate both lines of 
sight 103 and 105. Providing only one opening is 
advantageous since less cooling air escapes from one 

15 opening than escapes from two openings. Since less, 
cooling air escapes, less cooling air needs to be 
supplied to the housing 120. 

Housing 120 contains a first imaging device 
102 and a second imaging device 104. Housing 120 may 

20 comprise front wall 121, first side wall 123, second 
side wall 125 and rear wall 127. The housing 120 may 
also include a top wall member, not shown. Housing 120 
may have a length "c" of about 2', a width "d" of about 
2' and a height of about 4'. 

25 A data connection 106 is provided for 

transmitting the images acquired by first imaging 
device 102 and second Imaging device 104 to remote 
computer 66. Housing 120 may be insulated in order to 
withstand the intense heat of the hot end area 80. 

30 Pressurized cooling fluid is supplied to the housing 

120 via fluid line 108. Fluid line 108 may supply a 
flow of pressurized filtered air to the housing for 
cooling purposes as described in the previously 
referenced United States Patent Application Ser. 

35 No. 111,115. 

An opening 122 is provided in the front wall 

121 of housing 120 to allow a line of sight 103 between 
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the first imaging device 102 and target site 134 
located on conveyor 12. Opening 122 also allows a line 
of sight 105 between second imaging device 104 and 
target site 132 located on the conveyor 12. The 
5 imaging devices 102 and 104 are configured within 

housing 120 so that their lines of sight 103 and 105 
cross in the vicinity of the opening 122 as shown in 
Pig. 3. Configuring the imaging devices in this mann er 
allows the use of one relatively small opening 122 in 
housing 120, thus reducing the loss of cooling air from 
housing 120. 

Because of the configuration of imaging 
devices 102 and 104 described above, each imaging 
device will image a different bottle at any given time. 
In order to combine the proper images from imaging 
devices 102 and 104, the remote computer 66 stores 
image data for a particular bottle from imaging device 
104 until the same bottle moves into a position where 
it is imaged by imaging device 102. The computer then 
assembles the image data from the two imaging devices 
102 and 104 to obtain complete data for each bottle. 

Fig. 3 shows a series of bottles such as 
bottles 124, 126, 128, and 130 moving along conveyor 12 
past housing 120 in the direction indicated by the 
25 arrow 136. As a bottle, such as bottle 124 in Pig. 3, 
moves into the target site 132, strobe light 138 is 
energized thus causing imaging device 104 to produce an 
image of the bottle 124 . This image is stored by the 
computer 66 until the bottle 124 moves into the target 
site 134 and strobe light 140 is energized, thus 
causing imaging device 102 to produce an image of the 
bottle 124. The computer then combines the stored 
image from imaging device 104 with the newly acquired 
image from imaging device 102 to arrive at a complete 
35 image of bottle 124. This process is repeated for each 
bottle conveyed by the conveyor 12 . Bottles are 
tracked by the computer 66 using I.S. machine pulses in 
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a manner as previously described. 

Opening 122 may measure about 1" inch by 1 
inch. In operation, cooling fluid i B introduced 
through fluid line 108 at a rate great enough to 
5 prevent dirt and outside air from the bottle hot end 80 
from entering the housing 120. The fluid entering the 
housing 120 maintains the interior of the housing at a 
pressure higher than that of the outside atmosphere. 
Although fluid will escape through the opening 122, new 
cooling fluid is introduced through fluid line 108 at a 
rate great enough to compensate for this escaping 
fluid. It has been found that supplying cooling fluid 
in the form of compressed air at a rate of about 2 
standard cubic feet per minute is sufficient given the 
size of the housing 120 and the opening 122 as 
described above. The compressed air may be supplied to 
housing 120 at a temperature of about 30 degrees 
celsius. 

With respect to either housing 100 or housing 
120, the imaging devices 102 and 104 may be located so 
that the center of their lenses are vertically aligned 
with the plane of the top of the conveyor 12. ThiB 
results in the imaging devices being located 
substantially below the plane of the conveyor. Since 
25 heat rises, this location is cooler and thus less 

damaging to the imaging devices. This location also 
allows the plane of the conveyor to be conveniently 
used as a reference plane when analyzing bottle image 
data. 

30 In another embodiment, the hot bottle 

inspection system housing may actually comprise two 
separate housing units, one for each imaging device 
102, 104. This embodiment may be configured as shown 
in Fig. 2 except that a separate housing is provided 

35 for each imaging device 102, 104. These housings may 
each be parallelepiped- shaped and have a length of 
about 6", a width of about 6- and a height of about 6» 
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and be otherwise constructed in substantially the same 
manner as the previously described housings 100, 120. 
The use of two separate housings may make personnel 
access to the bottle line easier in some situations. 
5 Correction for OrienfcaUfig 

The general technique of imaging of bottles 
onto photoelectric devices such as CCDs (charge couple 
devices) and the subsequent analysis of the data signal 
to measure various bottle parameters is well known in 
10 the art. It has been found, however, that measuring 
bottles at the hot end 80 of a bottle production line 
10 presents problems which have not previously been 
solved. 

As a result of the elevated temperature of 

15 the bottles at the hot end 80 of the production line 
10, any engagement of the bottles by an inspection 
machine, as is conventional with cold end inspectors, 
would result in deformation of the bottle surface 
producing an ascetically unacceptable bottle. This, 

20 along with the relatively high speed of bottle 

production line conveyors means that the bottles are 
often bouncing when a hot end inspection process is 
being carried out. Due to this bouncing, the exact 
orientation of a bottle when it is being inspected 

25 cannot be accurately determined. 

The present invention overcomes this 
difficulty by first analyzing the bottle image to find 
a known feature of the bottle. The orientation of this 
feature, and thus the entire bottle, is then 

30 determined. The desired bottle measurements are then 
made and adjusted relative to the orientation of the 
known feature. ThiB allows true measurements to be 
achieved even on randomly oriented bottles, such as 
bouncing bottles. 

35 one example of a particular physical 

parameter which may be determined by the imaging device 
of the present invention is the degree to which the 
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aidewalls of a bottle are perpendicular to its base. 

Fig. 4 schematically illustrates a bottle 
150, the sidewalls 154, 156 of which are not 
perpendicular to its base 160. This defective 
5 condition is commonly referred to as "lean" and bottles 
exhibiting this condition are commonly referred to as 
"leaners". It should be noted that the lean depicted 
in Pig. 4 has been greatly exaggerated for purposes of 
illustration. Pig. 5 shows a non-defective bottle 170 
exhibiting no perceptible lean. 

The lean measured by the hot bottle 
inspection apparatus 64 may be compared with pre- 
determined values and any bottle having parameters 
exceeding a fixed tolerance from this value is 
determined by the system to be defective. It is noted, 
however, that, in the case of leaners, detecting even a 
slight lean that is within tolerance can be useful to 
bottle line process control. Leaners generally occur 
when the bottle formation temperature becomes too high. 
This high temperature causes the glass to be too soft 
and, thus, leaners occur. Accordingly, early detection 
of in- tolerance leaners can provide the bottle line 
operators with information indicating that the bottle 
formation process is becoming too hot. Adequate 
25 corrective action can then be taken to prevent further 
overheating and the occurrence of reject-level leaners. 

Referring again to Fig. 2, it can be seen 
that first imaging device 102 and second imaging device 
104 image the bottle 52 from different directions. 
30 This ensures that a leaner will be detected even if it 
is leaning directly toward or away from one of the 
imaging devices. In such a case, the other imaging 
device would still detect the lean. 

The method employed to compensate for bottle 
35 orientation will now be described in detail. Pig. 6 
illustrates an image of a bottle 138 generated, for 
example, by first imaging device 102. The bottle 13 8 
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was imaged while it was bouncing and thus is shown in a 
random orientation in Fig. 6. 

Bottle lean may be characterized by the 
deviation of the center line AA of a bottle from 
5 vertical. In other words, deviation may be described 
as the difference between the horizontal location of 
the bottle centerline AA near the base 140 of the 
bottle and the horizontal location of the bottle 
centerline AA near the top of the bottle. If these 
10 horizontal locations are identical, then the bottle 

exhibits no lean. If they are different, however, then 
the bottle is a leaner and the magnitude of this 
horizontal difference characterizes the amount of lean. 

A specific method for measuring lean will now 
15 be described in detail with reference to Pig. 6. Pig. 
7 is a block diagram illustrating this method. 

Pirst, the image is analyzed to determine if 
there is any light showing beneath the base 140 of the 
bottle image 138. If no light is showing, this means 
20 that the bottle is setting flat on the conveyor 12 and 
is not bouncing. If light is showing, as in the case 
of Pig. 6, this means that the bottle is not setting 
flat on the conveyor and compensation must be made for 
the orientation of the bottle due to bouncing. 
25 If hottle is bouncing, then the "dynamic 

offset" is calculated. The dynamic offset is the 
amount of measured lean caused by the orientation of 
the bottle. To calculate the dynamic offset, the base 
140, left edge 142 and right edge 144 of the bottle are 
first located. Next a point "BL* is located on the 
base 140 of the bottle. The point BL is defined as a 
point located along the base 140 of the bottle at a 
predetermined distance in from the left edge 142 of the 
bottle. It is not desirable to use the actual corner 
of the bottle for the point BL since bottle corners are 
often rounded, making a precise location in this area 
difficult. 
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A point "BR" is then located on the base 140 
of the bottle. The point BR is defined as a point 
located along the base 140 of the bottle at a 
predetermined distance in from the right edge 144 of 
5 the bottle. Both of the points BL and BR may be 
located the same distance in from their respective 
edges. This distance may, for example, be about 0.5 
inches . 

The dynamic offset is then calculated as: 
10 <BLx - BRx) / (BLy - BRy) x <2y - ly) 

where BLx is the location along the x-axis of point BL, 
BRx is the location along the x-axis of point BR, BLy 
is the location along the y-axiB of point BL, BRy is 
the point along the y-axis of point BR and 2y and ly 
15 are predetermined heights above the plane of the 

conveyor 12 used to measure bottle lean as further 
described below. 

After the dynamic offset is calculated (or if 
no dynamic offset is calculated because the bottle was 
not bouncing when imaged) , points 1L and 1R are 
located. Point 1L is the point where the left edge 142 
of the bottle image is found at a predetermined height 
ly above the plane of the conveyor 12. Point 1R is the 
point where the right edge 144 of the bottle image is 
found at the same height ly above the plane of the 
conveyor 12. For purposes of example, the height ly 
may be about 1.25 inches. 

The location of the horizontal center 1C of 
points 1L and 1R is then calculated as the point having 
a y location equal to ly and an x location equal to: 

(ILx + lRx)/2 

where ILx is the location along the x-axis of point 1L 
and IRx is the location along the x-axis of point 1R. 

Next, points 2L and 2R are located. Point 2L 
35 is the point where the left edge 142 of the bottle 

image is found at a predetermined height 2y above the 
plane of the conveyor 12. Point 2R is the point where 
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the right edge 144 of the bottle image is found at the 
same height 2y above the plane of the conveyor 12 . For 
purposes of example, the height 2y may be about 6 
inches . 

5 The location of the horizontal center 2C of 

points 2L and 2R is then calculated as the point having 
a y location equal to 2y and an x location equal to: 

(2Lx + 2Rx)/2 

where 2Lx is the location along the x-axis of point 2L 
and 2Rx is the location along the x-axis of point 2R. 

The points, lCx and 2Cx lie along the 
centerline AA of the bottle and, thus, together define 
the centerline AA. The measured lean is then 
calculated as the difference in horizontal location of 
the center points lCx and 2Cx: 

2Cx - lCx 

Next, the dynamic offset, if any, is 
subtracted from the measured lean to arrive at the true 
bottle lean. Since the dynamic offset represents the 
lean attributable to the bottle's orientation on the 
conveyor, subtracting out this lean will result in the 
lean that is inherent in the bottle itself. 

The above method is carried out for each of 
the imaging devices 102 and 104. The bottle lean 
calculated for each imaging device is then combined to 
arrive at a combined true bottle lean as will now be 
described. 

Imaging devices 102 and 104 are arranged such 
that their lines of sight 103 and 105, respectively 
cross at right angles to one another. Figs. 2 and 3. 
Since each imaging device can only measure lean 
perpendicular to its line of sight, this means that the 
lean measured by imaging device 102 will always be at a 
right angle to the lean measured by imaging device 104. 
Since two right angle component of the true lean are 
known, the Pythagorean theorem can be used to calculate 
the combined true lean as: 
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<L1 2 + L2 2 ) 1 / 2 

where LI is the true lean calculated based on the image 
from first imaging device 102 and L2 is the true lean 
calculated based on the image from second ima ging 
5 device 104. 

The combined true bottle lean is then 
compared to the allowable specification. If the 
combined true lean exceeds the allowable lean, then the 
bottle is rejected by rejection device 68. If, 

10 however, the combined true lean is within acceptable 
limits, the bottle 1b allowed to continue on the 
conveyor 12 toward the cold end 82 of the bottle 
production line. 

The combined true lean information may be 

15 made available to the bottle production line operators 
even in cases where the lean is found to be within 
allowable limits. This allows the operators to observe 
and to react to any trend in the combined true lean 
measurements. Increasing lean, for exaa5>le, may 

20 indicate that the bottle forming process is becoming 

too hot. An operator, observing such an increase, can 
take appropriate steps to lower the temperature of the 
bottle forming process before bottles having rejection 
level defects are formed. Such feedback of bottle lean 

25 information, thus, allows avoidance of potential 

rejects. Alternatively, a computer may be used to 
observe and automatically react to such trend 
information. 

In addition to the dynamic offset described 

30 above, a static offset may also be subtracted from the 
measured lean to arrive at the true bottle lean. 
Static offset is the offset measured when an in- 
specification bottle is placed flat on the conveyor 12, 
while the conveyor is not moving. Static offset 

35 accounts for errors in the hot bottle inspection system 
itself that do not change from bottle to bottle. Por 
example, static offset may account for any misalignment 
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between the imaging devices 102, 104 and the bottle 
conveyor 12. 

Static offset may also account for lens 
aberration. Each imaging device 102, 104 contains a 
5 lens as is well-known. All lenses display some degree 
of aberration, or distortion in some areas of the lens. 
Static offset accounts for such aberration. 
Subtracting the static offset in this manner also 
allows less expensive lenses to be employed. Less 

10 expensive lenses tend to exhibit more aberration than 

do more costly lenses. Since this aberration is static 
and predictable, however, using a static offset, as 
described above, allows less expensive lenses to be 
used while still ensuring that accurate bottle lean 

15 information can be obtained. 

Although the bottle inspection method has 
been described with respect to obtaining two center 
points 1C and 2C, it is noted that a greater number of 
points can be evaluated if desired. If a greater 

20 number of points are used, the lean can be calculated 
by taking the average of the individual leans 
calculated between each of the points. 

Using a greater number of points also 
facilitates the detection of other bottle abnormalities 

25 such as bulges. If a bulge exists in the sidewall of a 
bottle, this will cause the center point at this 
location to be offset from the other center points thuB 
indicating that a problem exists in this area. 

In addition to bottle lean information, the 

30 procedure described above may also be used to measure 
actual bottle dimensions at various locations. Once 
the bottle lean is known, the true bottle width, e.g., 
may be calculated using trigonometry. An example of 
such a calculation is described below with respect to 

35 Fig. 6. 

For purposes of this example, the "lean 
angle" is the angle formed between the base 140 of the 
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bottle and the conveyor 12. The lean angle nay be 
calculated using any number of trigonometric functions 
and the bottle measurement data which has been 
collected as previously described. The lean angle may, 
5 for example, be calculated as follows: 

lean angle - tan" 1 ( (BLy-BRy) /(BLx-BRx) ) 

Once calculated, the lean angle may then be 
used to derive the true bottle dimensions from the 
measured image data. For example, the true bottle 
10 width at the point 1L may be calculated as follows: 
true width = cos (lean angle) x (lLx-lRx) 

Other true bottle dimensions may be calcu- 
lated in a similar manner once the lean angle is known. 
Correction for Longi tudinal Misalignment: 
15 It has been found that the position of a 

bottle such as bottle 52 on conveyor 12 can vary from 
bottle to bottle. This is because, as bottles are 
placed onto the conveyor by the blow mold 30, they are 
not always placed in exactly the same position on the 
20 conveyor. Accordingly, the position of a particular 

bottle can vary both in a transverse direction 114 (in 
a direction perpendicular to the direction of 
conveyor movement) and also in a longitudinal direction 
116, perpendicular to the transverse direction as shown 
25 in Pig. 2. 

Referring to Fig. 2, when a bottle 52 is 
perfectly aligned longitudinally, it will be located at 
the target site 52 when the strobe 94 is energized. In 
this case, the bottle 52 will be longitudinally 

30 equidistant from the imaging devices 102, 104. When a 
bottle 52 varies in longitudinal direction 116, 
however, it will either be downstream (in the direction 
of the arrow 14) or upstream (in the direction opposite 
the arrow 14) of the target site 50 when the strobe 94 

35 is energized. If the bottle 52 is downstream, it will 
be closer to imaging device 104 and further from 
imaging device 102. Conversely, if the bottle 52 is 
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upstream, it will be closer to imaging device 102 and 
further from imaging device 104. 

When the bottle 52 is closer to one imaging 
device than the other, the image of the bottle acquired 
5 by the closer imaging device will be larger than the 
image of the bottle acquired by the further imaging 
device. When this condition is detected by the 
computer 66, the bottle being imaged is longitudinally 
misaligned. By measuring the amount of difference in 

10 bottle image size, the computer 66 can determine the 
amount of longitudinal misalignment and correct the 
image size accordingly. 

Correction for Tr a n«v erfle Misa lignment 
Referring to Figs. 2 and 8, when a bottle 52 

15 is perfectly aligned in a transverse direction 114, it 
will be located at the target site 50 when the strobe 
94 is energized. When a bottle 52 varies in transverse 
direction 114, however, it will either be closer to, 
e.g., position 202, or further from, e.g., position 

20 200, the imaging devices 102, 104, Pig. 8. 

Figs. 9A - 11A schematically illustrate the 
image 194 acquired by the imaging device 104 which 
includes the bottle image 204. Figs. 9B - 11B 
illustrate the image 192 acquired by the imaging device 

25 102 which includes the bottle image 202. To determine 
transverse location, the computer 66 combines the image 
192 and the image 194 from the imaging devices 102, 104 
into one image 206, Figs. 9C - 11C. If the bottle 52 
is perfectly aligned transversely, as shown in Figs. 2 

30 and 10, the image of the bottle acquired from each 
imaging device 102, 104 will overlap. The combined 
image will, thus result in only one bottle image as 
seen in Fig. IOC. 

If, however, the bottle 52 is transversely 

35 misaligned closer to the imaging devices 102, 104, e.g. 
at the position 202, Fig. 8, the bottle image 202 
acquired by imaging device 102 will be shifted to the 
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left (since the bottle has shifted to the left in the 
field of view of imaging device 102) . This is best 
illustrated in Fig. 9B. 

In a similar manner, the bottle image 204 
5 acquired by imaging device 104 will be shifted to the 
right (since the bottle has shifted to the right in the 
field of view of imaging device 104) . This is best 
illustrated in Fig. 9A. 

In such a misaligned configuration, the 
combined image 206, Fig. 9c will result in the 
individual bottle images 202, 204 not overlapping, m 
other words, the edges of the bottle images 202, 204 
acquired from imaging devices 102, 104 will not 
overlap. Specifically, the bottle image 202 acquired 
15 by the imaging device 102 will be shifted to the left 
relative to the bottle image 204 acquired by the 
imaging device 104 as Bhown in Fig. 9C. 

If the bottle 52 is transversely misaligned 
further from the imaging devices 102, 104, e.g., at the 
position 200, Fig. 8, the bottle image 202 acquired by 
imaging device 102 will be shifted to the right (since 
the bottle has shifted to the right in the field of 
view of imaging device 102) . This is best illustrated 
in Fig. 11B. 

In a similar manner, the bottle image 204 
acquired by imaging device 104 will be shifted to the 
left (since the bottle has shifted to the left in the 
field of view of imaging device 104) . This is best 
illustrated in Fig. 11A. 

In such a misaligned configuration, the 
combined image 206, Fig. lie will result in the 
individual bottle images 202, 204 not overlapping. In 
other words, the edges of the bottle images 202, 204 
acquired from imaging devices 102, 104 will not 
35 overlap. Specifically, the bottle image 202 acquired 
by the imaging device 102 will be shifted to the right 
relative to the bottle image 204 acquired by the 
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imaging device 104 as shown in Pig, lie. 

Accordingly, the computer 66 can detect that 
a transverse misalignment condition exists and can 
determine in which direction the misalignment occurs. 
5 By measuring the distance between the bottle images 
202, 204, the coaputer 66 can also measure the amount 
of misalignment. Once the amount of misalignment is 
known, the computer 66 may align the images 202, 204 
and adjust the size of the image to compensate, for the 

10 transverse misalignment. In other words, if the 

computer 66 detects that the bottle 52 is transversely 
misaligned further from the imaging devices 102, 104, 
e.g. at the position 200, the combined bottle image may 
be enlarged in accordance with the amount of transverse 

15 misalignment. In a similar manner, if the computer 66 
detects that the bottle 52 is transversely misaligned 
closer to the imaging devices 102, 104, e.g. at the 
position 201, the combined bottle image may be reduced 
in accordance with the amount of transverse 

20 misalignment. 

Upon initial start-up of the inspection 
apparatus 64, it may be calibrated by running bottles 
of known dimensions and characteristics through the 
inspection apparatus. The computer 64 can then 

25 correlate the actual size of these bottles to the size 
of their images generated by the inspection apparatus 
64. The computer 66 may then use this relationship to 
measure characteristics of unknown bottles as described 
above. 

Although the above methods for correction of 
orientation and position have been described with 
respect to bottle inspection, these methods could be 
used for any inspection task in which the objects being 
inspected are not uniformly oriented and/or positioned. 

The software code for accomplishing the above 
methods is appended hereto and forms a part of this 
disclosure. 
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# include <conio.h> 
# include <stdlib.h> 
• include <stdio.h> 
* include <graph.h> 
S include <time.h> 
vinclude <dos.h> 

^include <I^S\inwd^^dwth> 

•define P0 0 
idefine Pi i 
•define P2 2 
idefine P3 3 

•define Bl 1 

•define B2 2 

•define B3 3 

* define B4 4 

f define B5 5 

•define B6 6 

* define B7 7 

f define white 255 

*def ine black 0 

S5*fine search length 128 

•define neck search length 50 

f define search widtE 1 

•define true jf~ 

*define false 0 

Sdef ine verticle 2 

l5 e ?t ne horizontal l 

#define lite2dark -l 

^define dark21ite 1 

idefine l_expected width 120 

*def ine expected width 119 /* was 117 

•define num averages 15 

/* idefine level 0 380 */ 

/* idefine level~l 340 */ 

'i\ l^f 1 "* l ev *0 300 /* was 360 */ 

/* Sdefine level 4 120 V 

'define lblOspix"o 

fdefine lbllspix 0 

fdefine lbl2spix 0 

define lbl3spix 36 

fdefine lbl4spix 36 

jdefine rblospix 376 

•define rblispix 375 

•define rbl2spix 375 

Idefine rbl3spix 400 

•define rbl4spix 402 

typedef float FAR *FPTR; 
int cont(); 
lnt pause () ; 
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unsigned char pixel bufr2561; P ' int len 9th) ? 

int level_0 - 360; *" 

int level l - 340; 

int level~2 - 300; 

int level~3 » 160; 

int level - 4 - 120; 

int *ptr;~ 

int lut[256) ; /* conversion look up table *✓ 

int expected_neck width 1 - 67 ; P »©J.e */ 

int expected_neck]>idth~2 - 51; 

»ain( argc, argv) 
int argc; 
char **argv; 

int ainjiiff - 35 ; /* was 45 */ 
int show_locator_pins - true; 
int show_r_l_edge = false; 
int sua; 

int show data = false; 

H£ ZlJ,' l?!2ZlJP f ** r ' status; 
int show calibration - false; 
int switch product - true; 
int average; 

int display_image - true; 
i nt E e P ort _«rors « false; 
float lb_conp edge; 
float rb coap edae; 
float diTf_coip; 
xloat measured width; 
tkZtl ^l.wiHth - ii5.ii 
£3-°*^ «pec - 2.393; 

Yi^-foapensation - 0.00055; 
ir~r ,5-2}* tanee_coaipensat±cn near « 0.00175/*o 002a*/. 
flSt ^-5f s * ,mee -«»»P«»atioiCfar - 0 0017S>*0.* 0020962*/- 
flotl S-^ S ? mCe - COBpensation I near - 0.0022%0.602"/! 2 Vl 

! ill %S*^>^SSfc te " •.«^«aS5J. /i 

Soli &ff8»S!3r , " tl< " 1 ' 

tt2»5 f alib »tion - 0.020638166; /*0. 020319592*/ 

ttt&PgiSSSP™ - *- 048549? 020319592V 

int blac)c"to""white; 

Int edge; 

float temp edge; 

SSt ^'iSribS^fSfc.? 40 ' to2 « lble3 ' ^, lbre4, 

SS |^?'rocr°rbc^ e iic? r ^4T ble2 ' ^ rble3 ' rbre<; 
float body lean; 1 
float IbJLean - 0,0; 
float rb^lean - 0.0; 



flltt ^-i Mn -°J? et » 0.0 /* -0.024 */ ; 
ttSfB i b v lean -l offset - 0.0 /* +0.085 v 
float deTta_lean; / ' 

int 111; 



int lrl; 
int lb_ top; 
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/* parameter block */ 



/* base address of GPB-i board */ 
41 video configuration i/ oard V 
/* VGA flag */ / 

/* video input for three, channels */ 
/* sync input for three channels */ 
/* sync threshold for three^ha^nels 



f 1 *: top_search_x - 100; 
pt lb top_search y - 5; 
H?r H^- to P- 5ew **Ilength - 100; 
int lb_search x -150? 
int lb_searchTy » 270; 
int rb_search_x » 150? 
int rb search_y « 300?/* was 275 */ 
float left strength? ' 

"f*^' 

int left imaqe camp - o; 

HHi fef?: BSfflfc SiJ-SSS! 

float bottle^aax - oo.o; " ~* 

float delta; 
float delta width; 
int left valid? 
int righl valid? 
char ch; *~ 
int base addr; 
struct vldeoconfig vc; 
int vaa? 
int sidlay_row? 
int offset « 0; 

& iSo&fj 1 \ & Ill'- 

int max_levels » 4? ' 
char ss,s? 
int result; 
float center - 212.3? 

/* initialize defaults */ 

ptr « (int*)pixel_buf ; 
/* end of initialize */ 

base addr - 0; 
s_gphinit( base addr) ? 
s_.clearall(); - J 7 
sidlay^row ■ 270? 

/* process command line arguments */ 

/* draw crosshair */ 
for (i-x; i<s 1; 

S_putpix( PI, Bl, 0,100+1,250, 255); 
for (i«i; i<s 1; i-H . } 

S_putpix( PI, B1,0, 126,226+1,255); 
/* initialize InCard */ 

s_incopcod(2, INCTpIBJAMBOLD 0)' /* op code 9 */ 

s_incopcod(3, INC~NOKMAL , o). '* /* °P code 9 */ 

s_incmode(0x02) ; 7* was 2 */ /* op code */ 
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«hii2(!) ali2e graphics v 

wait_on_Lage: if (kbhit()) ( 

cb - getchf ) ,- 

if is - goto £inish '- 

if (show locator_pins) • 

else *£8££^^£«»"> 

if (ch M # ) 

if (show data) 

show data - false ; 
else show_da£a - true* 

if (ch — 'i') 

if (display_inage) 

5}g^y_image = false; 
else display JLaage = true; 

if (ch — >e') 

if (report_errors) . 

a . report errors - false; 

else reporterrors - true; 

if (Ch — 'l*) 

if (show r 1 edge) 

shov_r_l_edge « false; 
else showjr_l_edge « true; 

if (ch — 'x') 
( 

level nunber = level_number + l; 

if (leveljiuaber > nax^levels) leveljiuaber 

if (ch «=» 'c') 

if (show calibration) 

show_calibration » false; 
else show_calibration - true? 

if (ch 'r') 

if (switch_product) 

switch_product - false; 
expected_neck width 1 = 88; 
expected_neck~vidth~2 « 77; 



else 



if (ch =*= 'H') 



switch jroduct =» true; 
expected_neck width 1 = 67; 
expected_neck~width~2 => si; 



if (level number==0)* level 0 - level o - i- 

i? iorn- nUffi 5 er=sel) lev *0 - level"! - \' ; 

* eve }- number«2) level 2 « level 2 - i' 

"level number==3) level'3 = leveH - i- 

ifdevel^number— 4) leveO - leyeO - i; 
if (ch == 'p») 



SUBSimiTE SHEET (RUL£ 26) 



WO 97/04887 PCI7US96/12406 

- 32 - 



|f (level_nunber««o) level n » i 

if (level-number— lj &? level o + i, 

if levellnuaber— 2 leveH - i^ e M + 1 

ifdevel nuaber-»3) iev«t~? l ev el_2 + i, 

ifdeveOu^eSj ~_ level_3 + i| 

if (ch — * r #) ~ ' 

bottle_ain - 32. 0; 
bottle_max = 00.0; 
delta ■ 0; 
j ch - 0;. 

if «s_incstat<l, i oxOOOl, - 0) goto v.it on i.age; ^ , 

Phlll, { if <(s incstat(2, t oxoooi, - 0," v ^ ^ 

/* Jrintx^iU** 01 ? V 

/* nov ah, 2' */ 

/! ?°y dl, 7 *> 

£ int 2lh V 

/* goto phill; */ 

count - count + i; 

/* left side iaage */ 

left_valid = true; 

(s_gpbr S l(^ 8 ear ?1 ^ 

{ ~ ~ y ' search -length, search_vidtE, I- SUCCESS, 

printf (» roi faii») • 
} Invalid - false, 

re^O^ 1 ' "J""*)! 

if^thruopv.o, ^33^0^0. . u .. 0) 1SS0CCESS) 
s incclear(); 

**** - ^-transition(Pi,^|>.J^5«(^bedge find »{, 
- do a subpixel »easure»ent for distance cessation V 
S -^Cg_search^ h _v +1 ^ lb _ search 
rS^S 8 *^ 1 ' lNc:^mBxf e r Ch - len9th ' nu »->verages), 

s_incclear() r 

s disp(Pi,B4,'X'); 

lb_comp_edge - 0.0; 

ior (i«o? i<nu»_averages; i++) 
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result - s_subedgcyi, B4, lb_search_y+l5+i, 
lb search_x + edge - 9, 
lb search x + edge + 9 , 
£° r i5?ntal, lite! dark, 

^lSlreSSj > T ed9e ' 

if-^^?o"^ s J b - COffi P-^^) + (te^edge), / (i + X) , 

lef4!valid-: r ?S 8 e; Prin " ( " lb result), 
breaX; 

if (show r 1 edge) 
/* if (result - SUCCESS) edge - lb_c«np edge; */ 

' : ^L^lECd^^^-v 

ifi&SgftJ SexfeSiA)?' 142 ' 5 ") ACCESS) pri^,- roi „ 

reteacpf); " 
s_incdear() ; 

|f(s_disp(Pi,B3,'X')l-succESS) printf(» faild «) ; 
if (shovel oca torjpins) 

s_gpbroi(lb_seareh_x, lb search v lfe s.-wh v ,i. 

/* s .disp (P1 :BtT^}f^v!^Mdth?7 searx:h - x ' 

/* start of left side level 0 */ 
lbleb - o.O; 

for (i-o; i<num_averagas; i++) 

result - '-^^^jl^^^O^. 

if (result J- S0CCEsi?-^eakt te ^- ed9e '* left - stren 9 th )' 
IbleO - ((i * ibieo, i (?eSledge)) / (i + 1, , 

if (show_locator_pins) 

t^(i;S:^)? bl0spix ' 1 — is, 3); /* black v 

slSSp^G' 2 ? 0 ' lbl08pix ' level.0- 2 , 18, 3) ; /* green V 

4 ^ f »n ^1.1*. 



(result =- SUCCESS) 



{ 

111 - lbleo; 

s_gpbroi(0, 0, 111, level_o-i, 25, 3), /* black */ 
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s_disp(l,l, 'X'); 

S-S5(i,%.?? 0 ' m ' leve1 - 0 ' 25 ' V' /* red V 
lBreo = o.O; 

tor (i-0; i<num_averages; i-H-) 

result - s_subedge(Pi B3,level 0-1,111+1 expected width-9 

^"^^f? ed - widto+I ^°ri"stSl?da?^21ite 
if (result la soccilS^r^f^- 0396 '* 16 "- 8 ^^)' ' 
lbreo - ( (i * IbreO) i (te^Iedge)) / (i + i, , 

if (shov_loc&torjpins) 

fclSp7l!2>^)) lM+1 - WCted - width ' l«vel_0-3, 18, 3>, ,* blacJt 

sassa;^^ 0 ' iii - 9+i - expectea -^' », ,„ ^ 

if (result — SUCCESS) 
lri » lbreo; . 

«ll^(l!2-'xJ)t rX - 25 ' 3); /. black V 

fc!2?(l!i??R'); 0 ' lrX " 25 ' leve1 - 0 ' 25 ' *>' /* «d ./ 



else 

{ 



} 

else ( 



"rtl^-rSHi, 13 ^^ "»"0 *i", result), 
lIf4"IliS-! r Si1i, Print£( " *i".result), 



) 

/* end of left side level o */ 
/* start of left side level l */ 

— i,ontal,llt 

s:HSj(i;S;^'') lbllafpix ' leve1 -^. 3> ; /* Mac* v 

fcBScif"***?? 0 ' ttU^te. level_i- 2 , is, 3), /* green ./ 
If (result success) 
ill - lblel; 

CSS^?:^,} 11 ' level - 1 - 1 ' 25, 3); blac) c V 

result - s--*ed 9 e ( pi^ y 
if (show_locator_piSs?- di "'" brel ' 61ef4 - stren 9th) ; 
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i-I!S(i!S:^j ) t 11+1 - expected - width - 9 » w_i- 3 , i8< 3 ); /* black 

afiSg;j??&'?f' "»l-expected_vidth- 9 , level_i- 2 , X8 , 3 ), graen 
if (result «= SUCCESS) 
lrl - lbrei; 

aesifs?^?; 0 ' teM8 ' ievei - 1 ' »• /* v 



else 

) 

else 



leftlvllil-: r iml ? printf( " lbM1 "".result), 



/* end of left side level l */ 
/* start of left side level 2 */ 

M^"i!5;^},f l2spix ' le v«l-2 : 3» 18, 3), /* black */ 
fcl?^fi??6'f ?°' m2SpiX ' 1CVe1 - 2 " 2 ' 3); /. red V 
if (result — SUCCESS) 
111 - lble2; 

s-aSuJi:*)} 11 ' 1 * vft1 - 2 - 1 ' 2s - 3 >-- /* v 

result aSaS? 9 i "°' m ' leVe1 " 2 ' 25 ' 1); " " d *' 

result » --^.(^l^g^e^a .width, lli^expected^. 
if (show T locatorjiiS?- di "' tlbre2 ' Sleft - 8tren 9 tto )' 

s:l2^!?;^'. ) ) 11 - 9+1 - ej£pected - wi ^' i— ^-s. M , 3); ,* black v 

jlSS&ISkft 0 ' "^^--Pected.width, level_ 2 - 2 , U( „ , gree „ 
if (result ■» SUCCESS) 
lrl =» lbre2; 

s_gpbroi(0, 0, lrl-25, level 2-1, 25 ai • /* tvi*,*v + , 
s_disp(l,i, 'X') ; - ' ' 3)r ' b lack */ 

s_gpbroi(100, 250, lrl-25, level_2, 25, 1); /* red */ 
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else* 

{ 



} 

) 

else 



s_dlsp(l,i,'R'). 

lI^IvSl!d-- r fS e? Printf( " lbre2 ""-result) 



, lIfSaaid-2 r lS.., printf <" 111162 "".result) , 

/* end of left side level 2 */ 
goto dantl; 

/* start of left side level 3 */ 

s_SPbroi(lbl3spix-10, level 3, lolsspix-io 

.subedge^ ^ 
if (result - SUCCESS) tlble3 ' 61 «» ft -strength) ; 

if (sbow_locator_pias) 

fc!^J(i, ( S:'xJ,? ,138PiXtttd9e - 9 - 10 ' 18, 3); /« black ./ 

-10, level_3-2, 18, 3); /* green */ 

111 - lble3; 

HSpft!?;^) 111 ' lwe1 - 3 " 1 ' 25, 3); /* black V 

iS58x;k?;° ; ni - ievei - 3 ' 2s ' x > ; /» v 

result - s_subedg.( P i <»,l«v«0,lll-9* expected neck width i 
hori 2 ontal^aarmSe^ ed - neCl! - Wicith - I+19 ~ 
if (ahow T iocatorjinsT- di "'* lb ™ 3 '* left - stren 9th> ' 

sl^fS^g^^-^^-^vidth.!, level.3-3, 18, 3); /* blk . 
■zfSuS??*'?? 0 ' ^^ct^-neck^idth.l, level_3- 2 , 18 , „ , t 
if (result « SUCCESS) 
Iri = lbr«3; 

s_gpbroi(0, o, lrl-25, level 3-1 25 31 ■ /* Ki a ,u 
s _disp(i,i, 'X'); ■ - x ' 25 ' 3) ' /* black */ 

s.9?broi(100, 250, lrl-25, level 3, 25 11 • /* «h */ 

else 

{ 

if (report_errors) printf <« ibre3 result) ; 
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} left_valid » falst. 



else 

lef^v!?n-: r SSl, Printf( " lbl * 3 ""-result); 



dantl — ° f left level 3 */ 

/* start of loft side level 4 */ 

s„gpbroi <^"fP^-10, level 4 lbl4»pix-io, 

left thr^r-^ I tveVllM^i? , 2 th 4 searchvidthl; 

If fa~birtSt?i ■» 1 5-5 e ** 1 'f 3 'P t *,neck search length. -so) • 

if (result — SUCCESS)" * A «*_strangth) ; 

if (show^iocator_pins) 

C8S(l, ( i: ,^^^^^-9-10, level_4-3. 18, 3); black #/ 

f=IfS(t ( "?6'??°' l.V.l_4- 2 , 18, 3), ,* ^ v 

ill - lble4; 



s-Hs^;?;^;,? 11 ' «, 3); /* black ./ 

result fc^i??*'?? 0 ' m ' 1We1 - 4 ' 25 ' «' '* V 
result - s_su£edge(Pi,B3 level 4,111-9+axpected nee* width 2, 

horizontal^ar^f 6 ^-^- 2 ^^ 

if (show_locator_pins?- ' tlb ™ 4 ' fileft - Stren9th > ; 

fc^nfl'^ot 11 ^^^-^-^^. level_4-3, 18, 3); /-black 
sllSni:"?G'?? 0 ' "^^ected.neoc.vidth^. l.v.l_4- 2 , xs, 3,; ,* 
if (result «=» SUCCESS) 



lrl - lbre4; 



else 1 
{ 



SdESuIi:*)^" 25 ' level -«-l, 3); /* tlack */ 

assy"?*.?? 0 ' iri_2s ' ievei - 4 - 2s - /• «- v 

SfSSJS^rgSa,* - *"*" lbre4 ""."suit); 
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) 

else 

{ 



) 



; 



/♦.end of left side level 4 */ 
/* end of left side image */ 
/* right side image */ 

rightvalid - true; 

s_gpbroi(rb _search_x, rt_searchv, rb search x. rb SMre h v 
regaxp() ; " 

if <S_tbxucpy(0, 7,^82,0, 0, 0, 0, 0, 0, 0) 1- SUCCESS) 
retexp(); ****** (" thrucopy fail «) ; ' 

s_incclear() ; 

8 f 4i3^iUi:%'?'°' 0 ' 0 ' 3) " SOCCESSH,T PrUtf(-faUa-) ; 
edge - bw_transition(Pl,B4,ptr,search_length) ; 
/* do a subpixel measurement for distance compensation */ 



s_gpbroi(rb_ search x, rb_search_y+30, rb search x 

s.^csetuSlT^^ixirf^- 1 " 191 *' 5u »-»vra4es) ; 
reqexp(); 

"£^7""' "^..^o. .. o. ™„ 

s_incclear() ; 

s disp(Pl,B4,'X')> 

rb_coap_edae - 0.0; 

for (i«0;. i<nun_averages; i++) 

result - s_subedge(I>l, B4, rb_search v+30+i, 
rb_search x + edge - 9, 
rb search"x + edge + 9 f 

h ? ri 5? ntaI ' li**2dar)c, 
nin diff, ttemp edge. 
*lelt_strength)7 

Tt-l^TiJ + ) / (i + 1) ; 

breakT 
) 

diff conp - lb_comp edge - rb conp edqe; 

el fi i I f$ S ^H^° np) *and) e° B p = 0.0; 

else it (diff conp > dead Eand) diff conp = dif f conp - dead band- 

if (snoSVildger " di£? - C ° nP + ^-S*' «—J— ■ 

edS"^:^!^^ %3 ' 2f di " =t2 - 2f \ n ".^_co»p.edge,diff.co n ,p) 
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SS§P rat * Bb?s " 2- 512 " 

s_incclear() ; 

i?SSii£k4; ) 370 ' °' 142 ' 5 «); 

if(s_disp(Pl,B3 f ^)-SDCCE SS , { , ) ^ S ep rintf(w faild „, ; 

/* start of right side level 0 */ 
rbleo a 6.0; 

for (i-o; i<nuB_averages; i++) 

if (show^locatorj>lns) 

ClS(L ( 2>^,T bl0SPiX ' ^-0-3/18, 3); /* b l acJc v 
jllfSnii??^?; 0 ' 18, 3), ^ v 

if (result -= success) 
{ 

111 - rbito; 

yepujs;^,} 11 ' iw * 3„ /* blacJC v 

W8jft,%,?? 0 ' m ' 1W8l -V", i), red v 

roreo ■ 0.0; 

for (i-o; i<nua_averages ; i++) 

rbreo - {(i • ^ + ( ££ e «ige>> ± 
if (show_locator_pins) 

if (result «= SUCCESS) 
lrl ■ rbreO; 
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HSRiJS?*.ft°' lrl " 25 ' l8Ve1 - 0 ' Ui / red ./ 
Sg^SSla^SLf^C- rbreo result); 

i 

else 

if (report__err 

false; 



else { 



) 

} 



/* end of right side level 0 */ 
/* start of right side level l */ 

r^ T ^3 L&, ^ ; ^s^ pi " i,,h,,ri "° t * i ' u, * ta «'' 

3)> /* black */ 

S3S(i;^?! 0 ' rblispi *' ^i-^. », 3 ); /* wn v 

i* (result — SUCCESS) 
111 - rblel; 

fcasais:*,} 11 ' ^-i-i. 25. 3) , /. blac)c v 

result yBK(t C g^?; 0 ' Ul ' 1); /* red V 

"suit - »-*^<>^^^ 

if (show_locatorji^- di "' SrbM1 ' 61e " ; -8tr«ngth); 

fcSpTi;S;^'^ 11+ ^^th- 9 , level_X-3, IS, 3,; ,* black 
jlSe?t ( i??^?;°' lll+ ^^-Wl„th- 9 , ievel_i- 2 , 18, 3); /* ^ 
if (result «=» SUCCESS) 
iri - rbrel; 

leve1 - 1 " 1 ' 25 ' 3); /* blaoc V 

lrl - 25 - levei -^ ^, i„ ,* red v 



) 

else 

( 

) 
) 

else 
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{ 



' rigllr?aliH e "fSi e f intf{ " **** ; 
/* end of right side level 1 */ 
/* start of right side level 2 */ 

/* blab* */ 

fcSSu!"?G')?°' rhl2 ****' l«Vel_2-2, 18, 3); /. red V 
if (result — SUCCESS) 
111 - rble2; 

result - ^*.(Pl-^el ^x 7 ^ ct ^ tIl , lll ., 



hSri 2 ^^a ar ^il|:^* ct * d - w ^^ll-^expected_width + 19 f 
if (show T locator_pi^)- di "'* rbr * 2 '"« ft -» tr « n 9«»)» 

fclS^i;?;^*,^ 1 - 9 ^^-^' l«vel_2-3, 18, 3), /. horblaoc */ 
fclSsfu!^ 2 ? 0 ' ^ + «P^-Vid tt( l.vel_ 2 - 2 , X8, 3), /. hor ^ 
if (result — SUCCESS) 
lrl - rbre2; 

s-lSj?^;^,} 1 *- 25 ' 1Wa1 - 2 - 1 ' 3), /* black V 
Cl?s|?i!i??^,?; 0 ' lrl " 2S ' 1 ™ 1 - 2 ' 2 *' 1); /* red V 



else* 



righr^alia^Sier 111 "^ * iM '««**>> 



else 



righ^alia^lalLf *** ( " rble2 

/* end of right side level 2 */ 
goto dant2; 

/* start of right side level 3 */ 

s.gpbroi(rbl3spix-io, levels, rbl3spix-l0, 

^••Y* 1 -- 3 ' neOc^search^length , search_vidth) ; 
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if(^fSSl^^^ V 2 ( 5 1 4? 3 'gS r ' nec,t - sew rch . J»gth,-50); 

at «s^eg_aaaeSr ,u ^* 

^•|__M_f^ 1 _t .' h ^ OBft ^'iit«««k # 

if (result «» SUCCESS) f , trble3 , *l«f tstrsngth) ; ' 

if (show_locator_pins) 

s^(J;S:^J,f l38Pi ^- 9 -"' 18, 3); /, . black 

aSS^f! 0 ' ^.pix^g. . _o, leV el_3 - 2 , 18, 3), /* ^ 
ill - rble3; 

SSSSaifc'S*)} 11 ' lBVel - 3 - 1 ' /* black V 

result - s.subBdgetPx^a^rel v^ll^+expeeted neck width 1, 
if (show_locatorjiS)- dlfJ '* tbre3 '* leit - 8t '«'9th) » 



^i!_;^,^««^-»^-Wiath_l. lev. 1.3-3, 18, 3) , /* _ lacle 
i_K8;S?4»?J 0 ' 11 ^ + -P«cte«i-n.c 1 c_vidth_l, lev.l_3 - 2 , Mf 3) , _ 
if (result SUCCESS) 
Irl » rbre3; 

25, 3), /* bXac)c v 



) 

else 



else 



ifght!?__la^ r s;L? rintf ( " rbre3 *i" ^««it) , 



rfgh?5__!a er _ a _i e f in "(" %i», result > , 

dant^f ;° f rl9ht Side level 3 */ 

/* start of right side level 4 */ 

_gpbroi(rbl4spix-10, level 4, rbl4spix -lo 

left thresh V ^Eist n aveV!_ a lf_i angth 4 search.width) ; 
if(s~bwiut7i a i I-S S ( 5 1 i? 3 ' ptr ' nec)t search length. -501 • 

result - •J~^&.*A^fig#gg&^_ Vit 
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if (show^locatorjpins) 
ill « rble4; 

tBSttS:*)} 11 ' 1 — ^ «, 3), /* black v 

result J;^t ( " ? R'??°' 1U ' 1We1 - 4 ' /* V 

result 

if (show T locator_pi5|) , - dlff '* rbM4 '"*«t.strength) ; 

fclSj(x;i;^J^ 11 ^« { P e ct«i-necJc_width 2, level 4-3 i» „ . 
slgpbroi'(l& 0 ? &, 111-9+exB^^ „ 7 ' ' black 

pispu,!,^,^ 0 ' 111 9+expected_nec)c_width_2, level_ 4 - 2 , i8 , 3); /* gr 

if (result — SUCCESS) 
Irl - rbre4; 

CSS(J;S:^J,} r1 - 25 ' 25, 3); /. blae* v 

feS?5(l%'??°' ^el_4, 25, X), /* red v 



) 

else 

{ 



) 
) 

else 

{ 
) 



righ?!val^a e ?1S?.e^ intt ^ ,, "".result); 



right^Sa^Sief^^ tble « ^result) ; 



/* end of right side level 4 */ 

{% ?2w of ri ? ht *"e image */ 
if (show_calibration) 9 / 

IrStf J3K ss :Jiif::' lb "°- ib i«o) ■ 

printf («c-ibee - ' rbre °- rble °) »• 

Print? -rbeS : wi^^ir^^-"^^) • 
j Prxntf (»\ n «) ; ' rD _corap_edge - center); 
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rbc4 - (rbr«4 - rbleJJvi t %it¥, 




if (lE_conp_ ed g a > ceHter) ~ n) + <>*_l«an * rblean)). 




Cdiff_comp * depth.coapeHsSlSi) ! 
((left tbxasS _ 9 Sm fLi fc tb - dista nce coipsnsationi + 

delta - Bottlejnax - bbEtle_a^? tle - nin = U>lo>idth; 
s_ineopcod(l, INC.NORKAL, 0); 



V 

V 



SUBmUTE SHEET (RULE 26) 



WO 97/04887 PCT/US96/12406 

- 45 - 



s_incopco&,^, INC NORMAL, 0) ; 
cont(); 

s_incopcod(l, INC PIKTAMHOLD , 0) ; 

S_incopcod(2, INC PIPJAMHOLD , 0 




print* ( 
exit(O); 

) 



nt cont() 
{ 



char ch; 

printf ("continue ?••) ; 
loop: if (WbhltO) . 

eh - gotcha ( ) , 
goto loop; 



int pause () 



char ch; 



/* op code 9 



} - " /* op code 9 

goto vait_on_image; 

finish: 

s apbinit( base addr) ; 

s incinit(o, vi3eo inp, sync inp, threshold) ; 
s incopcod(l, INC HOKMAL, 0)7 """aiaj » 
s in cod cod O . TMr»~MftflwiT #*( 1 



printf ("continue ?«•); 
loop: if (WbhitO) 

ch - getche() ; 

if (ch «« * Y >) return (false); 
else return(true) ; ' 

goto loop; 

int hi S t_ave(int plane, int bank, lnt *ptr, int length, int offet) 
int ra . i. 

average; 
sua - o; 

s gctpxblk(plane # bank,ptr r O) ; 
*or (i-0;i<length;i++) 

sun » sun + pixel_buf [i] ; 

average » (sun/search length) - offset; 
if J a Y era * e < 10 > average - 10; 
sblutl(average, 255,0, 0,lut) ; 

2t&(a^ printf <" stlut "><' 

int bv_transition(int plane, int bank, int *ptr, int length) 
int i,black_to_vhite; 
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s getpxblk (plane, t bc,ptr,0)> 
blaOc to white - true; 
for (I=0;i<length;i++) 

if (black to white) 
{ 

if (pixel_buf [ij — white) black_to_white - false; 



else 



) 



if (pixel_buf[i) «=■ black) 
return (i) ; 



> 

return (-1); 
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CLAIMS 

lm A »ethod of determining at least one unknown 

characteristic of an object, conprising the steps of: 

(a) acquiring a first image of a first 
5 feature of said object; 

(b) acquiring a second image of a second 
feature of said object; 

(c) analyzing said first image to determine 
the orientation of said first feature; 

10 < d > analyzing said second image to determine 

a second image measurement; 

(e) adjusting said second image measurement 

relative said orientation to determine said at least 

one unknown characteristic. 
15 2 * The method of claim 1, wherein said object is 

a bottle. 

3. The method of claim 2, wherein said first 
feature is the bottom of said bottle. 

4. The method of claim 2, wherein said unknown 
20 characteristic is bottle lean. 

5. The method of claim 2, wherein said second 
feature includes the edges of said bottle. 

6. The method of claim 5, wherein said step of 
analyzing said second image includes locating said 
edges and measuring the distance therebetween at at 
least two locations. 

7 ■ A method of determining the orientation of an 

object comprising the steps of: 

(a) creating a first image of said object 
30 with a first imaging device; 

(b) analyzing said first image to determine 
a first orientation of said object in a first plane; 

(c) creating a second image of said object 
with a second imaging device; 

35 (d) analyzing said second image to determine 

a second orientation of said object in a second plane; 

(e) calculating the true orientation of said 



25 
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object based upon said first orientation, said second 
orientation, and the angle between said first and 
second planes. 

8. A method of determining at least one unknown 

5 characteristic of an object which may be randomly 
positioned, comprising the steps of: 

(a) acquiring a first image of said object 
with a first imaging device; 

(b) acquiring a second image of said object 
10 with a second imaging device; 

(c) comparing said first image with said 
second image to determine differences therebetween 
caused by the position of said object relative to said 
imaging devices; 

15 <<*) adjusting said images relative said 

differences to provide at least one corrected image of 

said object; 

(e) measuring said corrected image to 

determine said unknown characteristic. 
20 The method of claim 8, wherein said object is 

moving on a conveyor along a movement path when said 

images are acquired. 

10. The method of claim 9, wherein said first 
imaging device has a first line of sight, said second 
imaging device has a second line of sight and said 
first line of sight and said second line of sight 
intersect at a target area located generally in said 
movement path. 

11. The method of claim 10, wherein said 
differences are caused by said object being misaligned 
with said target area in a direction parallel to said 
movement path. 

12. The method of claim 10, wherein said 
differences are caused by said object being misaligned 
with said target area in a direction transverse to said 
movement path. 

13. The method of claim 6, wherein said 
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differences comprise a difference between the size of 
said first image of said object and the size of the 
second image of said object. 

14. The method of claim 8, wherein said 

5 differences comprise a difference between the position 
of said first image of said object and the position of 
said second image of said object. 

15. Apparatus for measuring at least one unknown 
characteristic of an object being conveyed along an 

10 object pathway on a conveyor comprising: 

(a) a first target area located along said 
object pathway; 

(b) a second target area located along said 
object pathway; 

15 (c) a first imaging device; 

(d) a first line of sight between said first 
imaging device and said first target area; 

(e) a second imaging device; 

(f) a second line of sight between said 
20 second imaging device and said second target area. 

16. Apparatus as in claim 15, wherein said first 
fluid second lines of sight cross each other. 

17. Apparatus as in claim 16, wherein said first 
and second imaging devices are located within a housing 

25 flmd said housing contains a window located 

substantially at the location where said lines of sight 
cross each other. 

18. The apparatus of claim 17, wherein said 
window comprises an unobstructed opening. 

30 19. Apparatus for measuring at least one unknown 

characteristic of objects being conveyed along aui 
object pathway on a conveyor comprising: 

(a) aui enclosure located adjacent said 

conveyor; 

35 (b) said enclosure pressurized to a pressure 

higher than that of the surrounding atmosphere; 

(c) at least one window in said enclosure; 
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(d) at least one image generating device 
located in said enclosure and aimed through said window 
at a point within said object pathway; 

(e) wherein said window comprises an 
5 unobstructed opening. 

20. The apparatus of claim 19, wherein a cooling 
fluid supply line is connected to said enclosure. 

21. The apparatus of claim 19, wherein there are 
two windows in said enclosure and two image generating 

10 devices located in said enclosure and aimed through 
said windows at a point within said object pathway. 

22. The apparatus of claim 21, wherein said 
enclosure is a parallelepiped- shaped housing having a 
length substantially equal to 4 feet, a width 

15 approximately equal to 2 feet, and a height 
approximately equal to 4 feet. 

23. The apparatus of claim 21, wherein said 
windows each measure approximately 1 inch by 1 inch. 

24. The apparatus of claim 15, further 
20 comprising: 

a. a remote computer; and 

b. a data connection connected to said at 
least one image generating device and to said remote 
computer. 

25 25 • The apparatus of claim 24, wherein said 

enclosure comprises a parallelepiped- shaped housing 
having a length substantially equal to 4 feet, a width 
approximately equal to 2 feet, and a height 
approximately equal to 4 feet. 

30 26 • Apparatus for measuring at least one unknown 

characteristic of objects being conveyed along an 
object pathway on a conveyor comprising: 

(a) a first enclosure located adjacent said 

conveyor; 

35 (b) a second enclosure located adjacent said 

conveyor; 
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(c) each of said first and second enclosures 
pressurized to a pressure higher than that of the 
surrounding atmosphere; 

(d) a first window in said first enclosure; 
5 (e) a second window in said second 

enclosure; 

(f) at least a first image generating device 
located in said first enclosure and aimed through said 
first window at a point within said object pathway; 
10 <9> at least a second image generating 

device located in said second enclosure and aimed 
through said second window at said point within said 
object pathway; 

(h) wherein said first and second windows 
15 comprise unobstructed openings. 

27. The apparatus of claim 26, wherein a cooling 
fluid supply line is connected to each of said first 
and second enclosures. 

28. The apparatus of claim 26, wherein each of 
said enclosures comprises a parallelepiped- shaped 
housing having a length substantially equal to 6 
inches, a width approximately equal to 6 inches, and a 
height approximately equal to six inches. 

29. The apparatus of claim 26, further 
25 comprising t 

a. a remote computer; and 

b. a data connection connected to each of 
said first and second image generating devices and to 
said remote computer. 



20 
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Look for light showing between 
bottle and conveyor 



Is light showing? 



NO 



Locate points 1L and 1R at 
height y1 and measure 1Lx and 
1Rx 



Calculate the center 1Cx of 1Lx 
and 1Rx 



Locate points 2L and 2R at 
height y2 and measure 2Lx and 
2Rx 



Calculate the center 2Cx of 2Lx 
and 2Rx 



Calculate the measured lean as 
the horizontal distance between 
the centers 1Cx and 2Cx 



Is the result greater than the 

allowable bottle lean 
specification? 



NO 



Do not reject the bottle 



5/6 



YES 



Calculate Dynamic Offset 



Locate point BL and measure 
BLx and BLy 



Locate point BR and measure 
BRx and BRy 



Calculate the Dynamic Offset 
(Blx - Brx) / (Biy - Bry) x (y2 - y1) 



Subtract Dynamic Offset, if any 



Subtract Static Offset, if any 



Combine the lean measured from 
each imaging device using the 
Pythagorean Theorem 



YES 



Reject the bottle 



FIG. 7 
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